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(54) CACHE STORAGE DEVICE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a cache storage device which 
decreases a frequency of miscaching due to a block conflict as a set 
associative type cache storage device. 

SOLUTION: The set associative type cache memory device equipped with a 
memory cell part which holds data and tags, an LRU memory part 
representing reference history information on cache blocks, and a circuit 
which makes a hit/miss decision has an instruction for changing the LRU of 
a corresponding cache block to the block which was referred to in the 
remote past. When the instruction is executed, an LRU encoding circuit 110 
changes the LRU of the corresponding block to the block which was 
referred to in the remote past. 
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(Lines 31 to 47) 

...When the change-to-LRU store instruction is executed, first, the cache is 
accessed using the given address. When a cache miss occurs, data is written 
into the main memory and the process is ended, as a store-through is 
assumed in the present embodiment. In the case of a cache hit, the ROW in 
which the hit occurs is ouputted from the selection ROW signal 117. 
Subsequently, when store data is written into a cache, the selection ROW 
signal 117 is inputted to the LRU encode circuit 110; the LRU encode circuit 
110 creates a value to be written into the LRU array 111; and along with 
updating the data of the cache, the value of the LRU is also updated. 
Moreover, here, the LRU encode circuit 110 operates according to the table 
303 in FIG. 3, in the same manner as during the LRU updating in the 
aforementioned change-to-LRU store instruction. With this, the LRU of the 
block in which data was written into according to the change-to-LRU store 
instruction becomes the block accessed in the most distant past. 



FIG. 3 



< Replace row determination: decoding table> 
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<Normal memory referenced LRU updating: encoding 



table> 
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<Change-to-LRU memory referenced LRU updating: encoding table> 
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0, 0) #atfJ<**l*o cn«H2(C*5WSy- FRO 

wiccs^orc^^ai^ a*©D-F»^j*jB 

«C. ^TROWl^effi^cfc^tCNEWER^lg-r^ 

ci*fi«Lr*j»). cfiec<fcOROWiw»a*^A 

rt"C«*>jftl^CC#JHS*i/cROW*c^5!StiS. #Ct 
( 2 ) <Z>* t y is*^®&Z&frft®mtlcr>[,>T$lW 
?h. LRlMbP- F**KJ:a + + r>a7^W 
5^^*4-rSi. H I T/M I SS*lBe@j»l 2 2*> 
6fc * bmm 1 6CC<fcoT5X^£UcC£#ajR 
ROW«ffil@Bl 1 3tt{E*<E>ft£o ^/cLRUf3- 
FBK1 1 2*»6tt, LRU{bP-FA<£#72-fe*L 
Icii v A rt©& *>ai^tc#fi8 $ ft/c R O W#fftS3 
ft. atRR0W»@Bl 13tCA*)3ft&o JStRRO 
W3HjffllSIBtt* + **s*%7Jm£EthL* a«ROW 
dm 1 TtcLRUf^- FHBl 1 3*>6A#i*ttS 

row#^«t. a^uu»*Rowturffl*-r*. l 

RIMbP- Ff»*©*f 5^(cJ:or3£ifltt^6 
f-^7x-^$tl^i, fOf-^^+t yi/*K. 
•*atfiH«f«CLRU©M»rfcfftt^. CCC»rW> 
LRU<Dffl«, LRUjfcO-F6*©5X«FCcac»ffiU 
ROWiUratRROWm^l 1 7^e>ffl*3ft/cRO 
W##r**K C©ffittLRUx>=i- FHBl 1 OK 

A2>3tv lrutwi i i^©A*(i^f^3n 

£„ ^C4t5. LRUfkP-FA^Ccfc^St&^BS©, l 
RUx>n-F0Bl lOtt, BS&UcLRUfkP-F 
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A<£©fc v Y>T-7.tnW*-. 03©H3 0 3tCL/c# 
ot»(WS. "T«cto% % LRUi>3-F@Bl 10 
fcA*3tifc#*i&*ROW©LRU#, afcatvgrfc 

7*-fexi/fcR0W£&a<fc5K % lru7u-^©a 

^M^NEWER (0-5) JWfffiSShS. ±IB^teW 
Ttt, a»©o-Fd*©«t6i. R3++yW7P 
vtZLR V<tt6®m%ffiZ.Z> L R U{kP- FrfMMc 

10 'LRWUFT^ 

a«©*F7A4*©MB£. s*3*+?s/*:/n**4 
LRUfbT*«M*.fcA<&. 

• LRIHMWBA* 

A^r}g£L/t7 f ux©:/p » + » ±(c* 

*ltf % f ©^o ^ L R Uftt^/cM*^, 

aso^'^x^f-A^oatet. 7'»j7x^uc+ 

t ?J/*^o? ^*LRU{b"rsafi8*«iL/c*%. 

• LRU{b*7-fe* H§£#^'J7x^^ 

20 I^^x^f^iffii, ^'j7x^rFU 

Zfrh. *^"CfB5estifc*7-fey F/ctt«ftfc7 FU 
L R Uibf 

• LRLKb*7-fe? MBE#*-rf*!/«B*4* 
P-FA*, * F7A^£l>ofcaSt©>*y#flRA<& 

ft/c^-fe 9 htcVmtitcTV lsZ<D7a v y 
i/c^. WT-Ctt, cn%©A^*jafLfci*©. 

30 *^isw©* + v ^aga«iSi©»ftK:oiirBMB-r 
iU-tlRjei/rir>4©r. ^Ettwi^-^iSti^T 

/cROW^a«ROWfi#l 1 7*»6ffi£3*i£. ^© 
*h7^-****7^Afc«*j&tfHFlc SulBa 
WROWff-^1 1 7^LRUx>3- KHB1 1 OKA 
#3ft> LRUx>3-FHBl 1 OWot. LRU 
40 7W1 1 lfc»#i&tf^#ffl#ffifcSti % *t9i/a 
©^-**Hr-r**«:LRlJ©««)HBShS. ft 
*$. CCTLRUx>3-FiBl lOtt, iy^O/cL 
RU^kP- FA*«C*j^-5LRU©E»f«FiElttec. 0 
3©^3 0 3CCO/c^orttfPTS. Cft(C<fcO. LR 

©lru«, *fcac^«cr^-fexsn/cyo9^i«c 

So LRUfc*fflA4*£Hff«£, ^ngS^n/cT 
50 tf, t? hb/cROW^atRROWfi^l 1 7*p6fcitfJ 



11 

3ft. LRUx>n-KEKl 1 OKAAi*ft&. LR 
Ux>3- KlslSfgl 1 LRUfbn~Kfft£K:fo 
VZLRiXDWtt&ftmmtC, S3<D^3 0 3KO/<:# 
or. M$rir*LRU<D<g££j&U LRUTU^l 1 
llcWZihts. Cfttci:0, LRU{b*fflf&^K:J;^T 
r^^^n/c+tr^^D 9 ^te&fcill^lCT^ 
•te^^ft/c^Dv ^<h^^ p LRU{b7'j7.x9 9MSK* 

ilBtE^^CD^-^O^x 9*£f?fc5. C 
Ct7x v ^Ofcf"- r>aOROW 
iitRROWfl-Jf 1 1 7*>6ffl;b2ft£o COROW 

iHttCCLRU^- KHBl 1 2{C<fco-CffifiS3ft 

tr^*ROW##*LRUx>n-KiaKl lOtcA^ 
U ^fr*r^LRU(7)il^^S-r-So LRUx>a-F 
BB1 1 0(1 LRU{to-FA*ectetf£LRU<DJE 
Sf^iElfiec. H3©a3 0 3ecLfc#oT«MFr*. 
Cft(cj:0 + * 7£/a(c*«i&^^a 9 ^a. 
i^fc7**xsftfc:/D9*<hfcs. y'yy* 

^t^at^Uc^J, LRU<t#ffl*^r 
7U^2^ h<D* + ?2saK:**Ivc. LRlHb*:? 

FUZfthtitGVtmZtitcty-by h#Sft/c7KU 
X " LRUft7Fl/^ M 4BM0 fccfc^T** 

•r>a^7^tX^ tvh9-xv2$:mZ<D2m<D7 

t^*7m« ( is^y7x7^^(i: 
iszz^o&mimkt)?, 5^trtift«iiES^6 

f-^^7 J :^Ti^ UvX£^<Dr- 
{Tftfrfcl*. 7''J7i 9^7 KUXKJ:*** 9 
is^rZ-izZVte, 72-teZLtc** vis*7U vt<D 

ytK&mtZ. -#LRUfbTKU*K:J:oT72-fe 
X^ft/c^ + ^v^ya^^^LRUibT^o C©LR 
UftflMUfttt. LRUft»flB#«©»fttHttr**. 
cftecj:*). 7''j7x ?*Ufcr-**«8F-r** + v 
^^o 9£©LRUttE$fr£&9, ^>j7x^7F 
U^i^7-b9 hK£oT£j£U/cLRlHb7KU;*£ 

^-r^>+ + ^v^yD^^cDLRu«, stance 
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'J#M7 KUX^eft^rJgSSft/c^^-fey h#»ft 
/c7 KUX (LRU{b7KUX) CCJ: ^tt + 9 is** 
7^-feXU t y h^* 7 ^*»K© 2I07 K U^r 

•JHShfc^o^^i«t-5J:^ec^JM-a. -^LRU 
fb7 Kux(c«fcor7^?h/c*t?i/a^B7^ 
wLRuib-r*. LRUftottmawiei/fcLRUfkar 

10 V*v V1%7£tf$7'*j7x 7^(Cttt4LRUft7 
Kl/^«Cj:S+ + 9 2/*7^42Xil5ltt'C*S. fcto± 
iB<£> LRU ft* 7 Hz 9 MSEtt* 7''J7x 9 *ft<&4 L 

tt, LRlMb7 KU*£, 7'V7 x 9*7 KU*fc<J:tf 
U #JB7 Fl/^M7*?h #Siftfc7 K 4 
Lfc#. *7t^x^p^f-fX»|h/h7Fl/^ 
4-T&». *7-fe9 h*ffll»TLRU{b7KU**:x;/ 

2#-KD7F^7U-/*ffll>r, 7*'j7x^7F 
20 UXWW*';#B7FUX4, LRLMb7KUXr 

yat^ttii^t 2g** r>*^7^X« 

py-7A^50icc, LRU{b#^fifflr^c4r, 

30 05©5 2 0W\ 5 1 OtcLRUfto- F*^*i 
cfctfLRUfb* H7A^*»fflLfc, a»8©^P^7 
5 2 OtH LRU{b*^(W8ffl©3ft«>K:, 

*rrt«^-^5 i3*i 6@jnP3urrtffljji/-^5 2 

&LV*r + vis* 1 :/p 9 2ft<D 1 2 hCD^-^ 

a©#JB**"C £525<t526£L R U<k*^fcSHft 
-TS. 5 2 0«r^T*rS4. rtM^-^LRUfb^ 
%*ffUc4*. tlt*ttKa^a9^<OLRU3WKRCc 
40 tj;Z>tc6tfi % LRU*««fcjac^(c#JH$ft/ctRS8CC 
fcD> ^|5j—*vA^<D7^-bX^^Ufc^CC^ 
LRU{bL/c^a9^3Wil(,>fflL»ft«:ttS. cftCc<£ 
0, BB^JStt* + 9^A(DS*7A<Dlo©ROW*« 

*^*RW. *>0C©LRU{bA^HtfSftJfc4*. 
»a-i"&* + 9i/a^D9^©LRUtS«*. fifcati 
50 ^«c#JH$ft/c^n9^SErSHB%++9^*iBt8 
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fcLRUttttffbH^ ***5/*©*MW*fiTS 

[Hflfonwjrttn] io 

[ B 2 ] B 1 fcSVT * * » KttSBBCCfc W £ L R U 

So 

[B3] Blfc^*LRUx>3-K@K*$J:tfLRU 
[B4] SE*«*5<J:c;*»W©H2v h7V->rf^+ 
[■5] SE3l^rtttt3W5T-r*»^O^o^A«*j*20 



ioo-* + 7 2/*KttSsa, ioi-y*';s. io 

2- + fy>**#JHrS7 1 03-4tr> 

^£MfrT6r~£, 1 0 4- + 7 5/»£EK?&* 
V. 1 0 5 -JESff-r^LRUOA*. 

S/*©R*fflU*»SW"*lM. 1 0 8-&ROW*>6 
^ffll/cf-^WU^^, 1 0 9-LRUM9r^<D 
LRUO-feU**, 1 1 0-LRUi>3- KBR. 1 
1 l-LRU-rf*y», 1 1 2-"*4>&l>Y<c#JR3ft 
teROWtJBUH-raLRU^a-KBB, 113-8* 
fflU/tLRUODHzU* FEB. 1 

1 1 5-B*fflL2^ 11 
7-JBJRROW»Ji8aiB, 1 1 0-H I T R Ofrjfflllsl 

H. 1 2o-r : -^/^y/LRvmmfm, 122- 

fc* h/SXflEBB. 1 23-f s -*/*y/LRU 
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•dufin» N 100 
Idciinc H 16000 
float StNllHl; 
float TIN) MI: 
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*d«fin* H 100 

fdefin« « 16000 

float SIN] (Ml: 
float TIN) Iff]; 




foo () 
i 

int- 
int 



a.b.c.d; 




for < i - 0» I < V: i +* 1 I 

; 

for ( 1 = 0: 1 < M; 1 1 { 
LD rl SliHjli 
ST rl TtUljl; 
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fdefine w 100 
f define M 16000 
float SINJJMJ; 
float 7(N)|M); 

foo f) 
( 

iut «. b.i.il; 
i»L i.j; 

for ( I * 0j I « H; 1 «» | { 
for ( j = 0; 




525- 



LO 


1 1 


• UllJJ: 


ST 


rl 


TliUJl: 


LD 


vl 


■>{i Mj* 1 J ; 


ST 


rl 


TO 115* i 1 ; 


LD 


»:7 


S|i)(*2|: 


ST 


rl 


T|iJ|j«2|; 


IJ> 


rl 


S|iJlj*"l|. 


ST 


rl 


TUIlr.ll: 


LD 


rl 




ST 


rl 


TliH 3*4); 


LD 


rl 


flli) + 


ST 


rl 


T(iJ|j«SJ; 


LO 


rl 




ST 


rl 


Ttt|lj»6J: 


LO 


il 


S(i)[j»7J; 


ST 


rl 


TJiJlj.7); 


LD 


rl 


S|i||j«8J; 


ST 


rl 


T|iM j.8J; 


\r> 


rl 


S|<J|J«»|j 


ST 


rl 


Tli II j*9|.- 


LO 


rl 


S|i JljUOJ; 


ST 


r1 


T|i||j*10J: 


i.r> 


r1 


S|< Jlj*nj , 


ST 


rl 


T|i|ij*UJ; 


LO 


rl 


S|i||jfl2|: 


sr 


rl 




LO 


rl 


S|tMi<-13): 


ST 


rl 


T|illj*13|; 


LD 


rl 


S|iHJ*14|; 


ST 


rl 


T|i|[j*«|.- 


LD 


LAV 


rl $11111 


ST 


LRU 


rl Tfilll 
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